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Adrenocorticotropin hormone (ACTH)-dependent Cushing\'s syndrome is caused by Cushing\'s disease (around 85%) and ectopic ACTH-secreting tumors (approximately 15%).\[[@ref1]\] Subsequent to the diagnosis of ACTH-dependent Cushing\'s syndrome, the next step involves anatomical localization of the source of the ACTH secretion. Various biochemical and radiological techniques have been established to help in localization of the neoplastic lesion. Radiological techniques including computed tomography (CT)/magnetic resonance imaging (MRI) have poor sensitivity (around 60%).\[[@ref2]\] Bilateral inferior petrosal sinus sampling (BIPSS) is considered the gold standard test for anatomical localization for Cushing\'s disease where radiology has been inconclusive.\[[@ref3]\] In a meta-analysis of 21 studies, the overall sensitivity and specificity of BIPSS were found to be 96% and 100% respectively.\[[@ref4]\] Various studies have utilized corticotropic releasing hormone (CRH) and desmopressin alone or in combination as ACTH secretagogues to increase the sensitivity and specificity of BIPSS.

Here, we report a series of six cases of ACTH-dependent Cushing\'s syndrome for localization of tumor by BIPSS using a novel agent vasopressin for stimulation, in whom we were previously unable to demonstrate it using biochemical and radiological investigations.

S[UBJECTS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
================================================

All the diagnosed cases of ACTH-dependent Cushing\'s syndrome with the inability to localize the tumor with biochemical and imaging studies presenting to our hospital in from April 2013 to June 2015 were included in this analysis.

A total of six patients underwent BIPSS procedure in last 2 years. BIPSS was done using catheterization of both inferior petrosal sinuses using percutaneous bilateral femoral vein approach. Verification of catheter position in the inferior petrosal sinuses was done using a small amount of nonionic iodinized contrast material. Blood was slowly withdrawn from both catheters simultaneously and from ipsilateral peripheral veins for ACTH measurement at 5 and 1 min prior to stimulation. Vasopressin (1.0 unit diluted in 10 ml saline)\[[@ref5]\] was then infused into a peripheral vein slowly over 5 min, and samples were simultaneously obtained from both inferior petrosal sinuses and peripheral veins at 5 and 10 min after the administration of vasopressin and collected in cold test tubes.

Samples were transported in a cold environment and were cold centrifuged. ACTH assay was performed using immunoradiometric assay kit (Immunotech, Beckman Coulter Company) using Stratec SR300 automated radioimmunoassay system. The intra-assay and interassay coefficient of variation were below or equal to 9.1% and 9.6%, respectively.

ACTH values were used to calculate the ratio of ACTH between the right or left inferior petrosal sinus and the concentration in the peripheral blood (IPS: *P* ratio) and the maximal ratio (right or left) was calculated. Sampling giving the highest value of ACTH (5 or 10 min after the injection of vasopressin) was used to determine the ratio.

A diagnosis of Cushing\'s disease was rendered if basal central to peripheral ACTH ratio was more than two and/or postvasopressin stimulation ratio of more than threes. For lateralization to a given side, a ratio of ≥1.5 was used. In case, the ratio was less than these values, and then a diagnosis of ectopic Cushing\'s syndrome was made.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

A total of six patients (five females) of Cushing\'s syndrome meeting inclusion criteria underwent BIPSS in this hospital during mentioned time period. Mean age of the patients was 28.3 years (range: 19--33 years), mean body mass index was 28.5 kg/m^2^ (range: 24.4--34.7 kg/m^2^) and mean lag period was 26.3 months (range: 2--84 months). Presenting features and baseline characteristics of all six patients are enumerated in Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}.

###### 

Demographic profile of patients
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###### 

Body mass index, blood pressure, and biochemical profile
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All patients demonstrated hypercortisolism with nonsuppressible serum cortisol levels on overnight dexamethasone suppression test and low dose dexamethasone suppression test. ACTH levels were elevated in all the cases suggestive of ACTH-dependent Cushing\'s syndrome. Only two cases (cases 1 and 3) demonstrated more than 50% drop in cortisol levels with high-dose dexamethasone suppression test (HDDST). MRI sella demonstrated pituitary microadenoma in two cases (cases 5 and 6) and contrast enhanced CT (CECT) chest and abdomen demonstrated left adrenal hyperplasia in case 4 and anterior mediastinal mass with bilateral adrenal hyperplasia in case 5 \[[Table 3](#T3){ref-type="table"}\].

###### 

Cortisol suppression tests, adrenocorticotropic hormone values and imaging studies
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All six patients underwent BIPSS procedure. ACTH values (basal and postvasopressin stimulation) in both inferior petrosal sinuses, both femoral veins are and central to peripheral ACTH ratios and inter-petrosal gradients are shown in Tables [4](#T4){ref-type="table"} and [5](#T5){ref-type="table"}.

###### 

Adrenocorticotropic hormone values basal and postvasopressin stimulation from both petrosal sinuses and femoral
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###### 

Basal and postvasopressin stimulation highest central to peripheral adrenocorticotropic hormone ratio and inter-petrosal adrenocorticotropic hormone gradient
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Based on BIPSS cases 1, 2, 3, and 6 were diagnosed as Cushing\'s disease with lateralization to left or right side in two cases each side. All four patients underwent pituitary surgery via trans-nasal trans-sphenoidal approach, adenoma could be localized intraoperatively in two cases (cases 2 and 4) and adenomectomy was done, and rest two cases adenoma could not be localized, and hemihypophysectomy was done. Histopathological examination in all four cases revealed ACTH secreting corticotroph adenoma. All four cases achieved clinical and biochemical remission on follow-up. Case 4 showed low levels of ACTH on BIPPS and had left adrenal hyperplasia on imaging. Hence, a diagnosis of ACTH-independent Cushing\'s syndrome was arrived at was subjected to adrenal surgery. During surgery, left adrenal was found to have features suggestive of primary pigmented nodular adrenal disease (PPNAD) and bilateral adrenalectomy was done. The histopathological examination also confirmed the diagnosis of PPNAD. Case 5 with ectopic Cushing\'s syndrome and anterior mediastinal mass, underwent anterior mediastinal mass excision via thoracotomy, had stormy postoperative course and died on the 3^rd^ postoperative day of sepsis and multiorgan dysfunction. Histopathological examination showed thymic carcinoid \[[Table 6](#T6){ref-type="table"}\].

###### 

Final diagnosis, management, and follow-up
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Complications {#sec2-1}
-------------

Two patients had transient nausea and vomiting, lasting for \<6 h. Procedures were uneventful in rest of the cases. No major complication was noted in any of the cases.

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

Cushing\'s syndrome is usually easy to diagnose clinically owing to its characteristic features. However, anatomical localization of source of excess ACTH Cushing\'s disease can be quite challenging. Sometimes, it becomes very difficult to differentiate ectopic ACTH source from Cushing\'s disease.\[[@ref6][@ref7]\] Definite treatment of Cushing\'s syndrome is surgical removal of ACTH-secreting lesion and prerequisite for this surgical management requires localization of ACTH-secreting source.\[[@ref8]\]

ACTH-dependent Cushing\'s syndrome in most of the cases is caused by Cushing\'s disease and in approximately 15% of the cases, ectopic ACTH secretion is the cause.\[[@ref1]\] In 90% of the cases, pituitary microadenoma is the etiological cause in Cushing\'s disease. Pituitary MRI can localize microadenoma in only 50--60% of the cases as the size of the lesion is very small.\[[@ref9]\] Although, dynamic studies have improved the sensitivity of MRI, it still fails to localize the adenoma in many cases.\[[@ref10]\] Even approximately 10% of general population harbor pituitary incidentaloma, and may result in false positivity and failed surgery.\[[@ref6]\] In our series, out of four cases of Cushing\'s disease MRI sella could localize pituitary microadenoma in only one case and one case with ectopic ACTH secreting Cushing\'s was found to have pituitary microadenoma on MRI pituitary.

HDDST has low sensitivity (65%) and specificity (60%) in predicting Cushing\'s disease.\[[@ref2]\] In our series, out of four cases of Cushing\'s disease, HDDST could localize Cushing\'s disease in only two cases (50%). Two cases with ectopic and adrenal Cushing\'s syndrome had \<50% suppression of cortisol on HDDST, as expected.

All six patients had discordant results with HDDST and imaging findings and underwent BIPSS. In two cases (case 1 and case 3), where HDDST was suggestive of Cushing\'s disease, however, MRI failed to localize any lesion in the pituitary. In one case (case 2), HDDST was suggestive of ectopic Cushing\'s syndrome. However, MRI pituitary and imaging of the chest and abdomen, could not localize any tumor or lesion. In one case (case 6), HDDST was suggestive of the ectopic source of ACTH but, there was suspicious midline lesion (04 mm) in the pituitary while imaging of the chest and abdomen was normal. In one case (case 4), there was left adrenal hyperplasia on CECT abdomen, HDDST was suggestive of the ectopic source of ACTH and MRI sella was normal. In one case (case 5), clinical and biochemical profile was suggestive of ectopic Cushing\'s syndrome, and there was an anterior mediastinal mass on CECT chest. However, MRI sella also showed pituitary adenoma 05 mm in size.

BIPSS depicts central to the peripheral gradient of ACTH in basal conditions that becomes even more pronounced after corticotrophs are stimulated for the production of ACTH by an exogenous agent. BIPSS series has shown the sensitivity of 88--100% and specificity of 67--100% in the localization of the Cushing\'s disease.\[[@ref11]\] In our case series, BIPSS could accurately localize the source of ACTH production in all the cases, four cases had Cushing\'s disease, one case had ectopic Cushing\'s syndrome, and one case had adrenal Cushing\'s syndrome.

The prediction BIPSS of for lateralization of the lesion in Cushing\'s disease has been questioned, with accuracies ranging from 50% to 100%.\[[@ref4]\] In our series, all four cases with Cushing\'s disease, we could lateralize the lesion using BIPSS technique that was confirmed by histopathological examination in all and led to remission of disease postoperatively.

In most of the studies with BIPSS, CRH has been used to stimulate corticotrophs. Besides CRH, injection desmopressin in combination with CRH or alone has also been used alone for stimulation of corticotrophs during BIPSS with satisfactory results.\[[@ref12][@ref13]\] Neither CRH nor intravenous desmopressin is available in India. Hence, we vasopressin for the corticotroph stimulation in our cases. Vasopressin acts on V3 (arginine vasopressin receptor 1B) receptors present on corticotrophic cells in the anterior pituitary and has been shown to have weak ACTH secretogogues effect. Acting synergistically with CRH, vasopressin causes significant secretion of ACTH.\[[@ref14]\] In our series, all four cases with Cushing\'s disease, we could demonstrate significant increment in ACTH values after vasopressin injection and also could localize and lateralize the lesion in all the cases.

Here, we report a series of six cases of Cushing\'s syndrome where we performed bilateral IPSS with vasopressin stimulation and found satisfying results for the first time. Limitations of this study are its small sample size and use of the same cutoff for diagnosis as used in previous studies with CRH and vasopressin.

C[ONCLUSIONS]{.smallcaps} {#sec1-5}
=========================

At present, there is not a single test, or series of tests, to definitively localize the tumor source in ACTH-dependent Cushing\'s syndrome with 100% accuracy. BIPSS is considered the gold standard in differentiating Cushing\'s disease from ectopic Cushing\'s syndrome. Vasopressin may be used instead of CRH and desmopressin for stimulation in BIPSS. However, further larger studies are required to assess its efficacy.
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